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Abstract 



PLJRPOSE:To provide a rodlike ultrasonic vibrator in which a soldering operation is not required since a 
conventional rodlike ultrasonic vibrator has various difficulties upon soldering by using leads as means 
for electrically connecting a piezoelectric element, an external circuit to a power source. 
CONSTITUTION:Piezoelectric elements 1-1 and 1-2 are interposed between elastic elements 2 and 3 
for forming a vibrator body of this ultrasonic vibrator, and a printed board 4 is Interposed between both 
the elements, thereby connecting the elements and an external circuit to a power source. Since the 
positional relationship between an electrode 6-5 for a sensor formed at the element 1-1 and an electrode 
6-5' for a sensor formed at the element 1 -2 are so set as to generate output signals of reverse phasiss to 
one another, noises Included In the signals can be removed, and accurate detection can be executed. 
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[»*^5] n^^A^zt^m^ntzm^&'E-^iziin^^mmz^-^Tmm-^n^mmmm^^r^m'sm'E 



[0 0 0 1] 

mm±<omm»m] ^^mt. EEmmi'izm^ji^jv^-^mmr^-tizj^jm^^mm^tLxo^iti^t: 

[0 0 0 2] 

[0 0 0 3] m^m^mmmT\t. nm^oi^mm^i. ^mttmx'm^^n^±^mmi^2, rmmm't^is, m 

[0 0 0 4] mm^i'(Di^m:Rzfmm\z\tPii&m>i:i^^'4m^-r^mxmm7t)m^ibnx^^^. jEm*^itt# 
mmz: nzm^yjf^\z:»mf}m-^tix^Ki . 'p'bmzMi.xMtn-r^^siz$>^mm\t.m^izmi;\^iz^m^tix 
^mmi,z\:immm^<Dmm\zi5i^x^nm(Du - i^mA^^mfiifiz^omm-^nxi,^^. m 9 ic^r^ttcm 

[0 0 0 5] &mm^ 1 (DAWzmm^^mT^ tmm^izitmmomm^^^i:^^. mK^^^mm&ii-r^h. m 
iftTttSfi^ift^^i;^. Bmz-3i^xhmmizmi^^ma-r^t't''bm^'s^Am(Dmm:f3\^tu^'W.^-t^:& 

i 0 oo6Tza5Wfimm^±'tx\.^i'mm^ Mfnt±mmmi$i<D±mmiz:^m^<o^m'ft^^mm 
tim^-&^ii^mmtmm'Tomp]mmz^K)m<o(Dii^^A.^n^. ^mmzF^n^o^U'&mii^. ^m»<n^ 
'tM^mu-^nt.'tjb^iix^mmz\t.mm.mmt^^^^n. ^^^^^-i$'^^#l^rg$n^. co^^&^-iS^ici5 
vjT«mm5fi^ic5£ggccifliff^TODb, 't(D^m.(Dmm.^(ommm.m^mmi-\z^^^^^ ^txi^mw^mwii. 
Tv^So ^<^^m.mm.^tvxm'^\tm.W}=f-o:>m^^-\^(D^mm-^^i5imi)m\iti^, mmTc^i^^mm 
m.mtmwz:iz(D\iib^^. mmm^s.. m.ms^\zii^^ir^n^^-m. ^icj;Diss~m=FHz o^fb^^D-sro-rs 
Wi=^^mmm-b-^-:>^i^\zmm^^^rzib[z\txtins.o>^Mm^^^um-r^'Z"^-h^&y). mmi-omM^m^^ 

[0 0 0 7] 

[0 0 0 8] &mmi-ii9vm<Dummmi:.(D^m\t^)-]imz^r)'i7i:,tixiiK). -©u- K^ttEEms^ic^Bs 

rne.op=iM75^?,. '^^<^mmx\t.<^'^i}^-o^M,\zmm=f-^i^^r^oi}mmfs-%oyx^-z>fz. 
[0 0 0 9] X, m.mi'(om.W3^m^=^-'^r^±>z^>if^Wi^m.m^^i^i^\t.m\zm?Li,^h\t. •s^^m^s.M. 

-b>-»i7-M^$sttfc:®^« ±m<niio\z^mt(Dmm^^m-:sn\z^Ki'ff^^ui3.^r. m^<omm^^\:>^ 
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[0 0 11] 

[0 0 12] 

[0 0 1 3] 01 lC^Tc:r<i:<> ^tttj b < (a?L*^R^t^® 2 tfe<Dffim^^ 1 - 1 1 - 2 , 

[0 0 14] BEmjUf ©sg^JtbTP ZT^fflVi. «ifig^lCf*g^4mm, il-SSmm. ;?^?0. 4minlw^Ml]Dl 

$nfcferoS:ffll^fc. H 1& 1/112 tC ^1-^:^)1' . EEm^Tl - IRZ^l - 20mi (D®t«ffiS*^R^§rra^' 

4#^i--r-5?^T'ii@6- 1-6-4, 6-1' ~6-4' *«a$ttT*50. cn 2 tc^T ck -5 tcmffi 

#^J^fi£;gCl 0 -4-1 — 104-4. 104-1' ~104-4' t i 0 SVilCRIT e>laTViS. X, :^jl?:4ii-W 

L.fc5-&cDi«giSc»ctt¥g:i^ifi]»csvM;ifiiT^,nfcfiS6- 1 te- sso^e - 1 ' i6-5' d^j^^S^n, JEm 
^^^1 - iS-iyf 1 - 2CD^2tDSc«*®mM6 -G. 6-G' ^'^pitcsBs^ nTv^^d^, mmtm^^i 
0 4-1. 104-1' ti}Ln(D-m-r^&m\ziitmm4^m^^i 0 4- 5. 104-5' ;5^*i2®$nTVi^. 

[0 0 15] ES^^.l - 1 JC*5ViT-5-n^no4i-fi|«ffi6 - 1 ~6 - 5*<Eg$nTt»S®«ttJ?$::^|fiHCii-ffi 

2, 6 - 5y)^m&^n-c^^^mmitcnib<Dm.®'^'Mm^tLxm^:^i^\z^m-^n. m^me - 3ri^6 - 4i}m 
m-^nT\,^hmmtz.rLi^omm^i&m.&:iivx^m:fym-snxisK), 02 (a)' ic:feViT«. ^n-^^ncomes: 

{+) . (-) X^VXSbi,. 

[0 0 16] Jim^Tl-2(c:feV^Tfc^n^'nw5^t'Jiiffi6-l'-~6-5' *?IBSSnTI/^-5«S^«il 

;^:j5lR]tc^Jffi*^SS^tiT*3 0. 104-1 ' ~i04-5' lc«:JJ-ffi*iiffi$nTi'i;^v>. Sfc. ^J-Sfl 

^S6-l' . 6-2' . 6-5' *iiBe$nTVi.5®*S«^ne)®@aSrl«®fi:i:LTJl;S*l6]tC5J-ffiSn. « 
ffi6-3' SUf6-4' 75tEe$nTVi-5MJic«Cine.wmffi*(Sm'ai:bT^S*iJSSnT*5D,' 0 2 (b) fC 
4i3U^T«. -?-n-?-'no?m&?r ( + ) . (-) TS^L-T^^. 

[00 17] 02 (a) !,z^i,rc^t<i£mm^i-i<^L-Lmm<D»m^s&\tmm6- is.z:^mm6-2iim 
me GT»stifc««tt5J-ffi**ifi$n-5*t, mm4^m^m io4-itio4-5 txm^nrz.f^m\t»mi)m-^ 

[0 0 18] 0 2 (b) tc:^LJtri:<, a^i^^ 1 - 2 ©HffiEfittffim^^ 1 - 1 ®«ai*0't' a - a 
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[0 0 19] yu>N»S4ii, '^-7.«ici?$2 5/imcD7)^u-i'5 Ks, mmumizs 5 iimmomm^m^^x 

^g^Cfca^Tfe^o Ei3tr7KLfc$D<> yU>hSS4CDF3^g|5cD±Mtca> JES^T 1 - 1 cD^mS 6 - 1 6 
-5lZMft^-r^&mizmm7 Al, 7 a 2, 7B1, 7B2, 7 S l*^'J^fiK$nT43 0> ^M»;T/&^*ffi2:TSnfc 
t^^T-ttT'U > hS« 4 7 A 1 1-1 ±©«S 6 - 1 Ic. 7 A 2 6 - 3 (C, mS 7 

B l;&smS6-2lC, «S7B2*tmffi6-4lC. ^ffi 7 S 1 *imffi 6 - 5 fC, ^tl^fiEEm^n^Z t\zfSi^, 

«®7 Al i:«ffi7A2«7'U>hStg4_hCDU-hVt:^->8-6(Cj;DSV^teS'S5l$nTVi^. 
[0 0 2 0] 7'U>hSS4CDn^SEc0«O®tH«©®i:|^;^{CEEm*Tl-2O^mffi6-l' -6-4' tc 
^^Sf^ficSt, m®7A3. 7A4, 7B3. 7B4. 7 S 2 :»>Jj^^$tl^ 1 1 lC«lfeffl«S 7 GTi^'PfiE^n 
T*3D. Sii)^ MiE^^cMTttm® 7 A 3 i 6 - 2 ■ . 7A4i:6-4', 7B3i6-l' RU6-5' , 7B4 

t6-3' . *m\,^i,z&m^tir^mmtti^. ^tz. mm? bs t7B4Wj-}i/^^->8-7iz^r)]^m^n 
Tv^^. X. «flfiffim@7.G«^g$jf4Tjgfi£snfcig^7f;;i.h5<hSbT«ae<)tci^sfe^n-5„ sfc, «S7a 

Himm(Dmm7A3ii.X)V-^-JV10 1\Z^l0mfi^^n. mm\Z7A2t7A4. 7Blt7B3, 7B2i 

7B4. *^^n^°nx;i/-2iN-;KcjcDg^^tiTVi^, 

[0 0 2 1] lE«^Ti-l©S^6-lJfcaC6-3 tjE«*Tl-20mSi6-2* RtJC6-4- «Affi^m@ 
t/^-S. I^#»CJBE^*^ 1 - 1 ODffiiffi 6 - 2 SaC6 - 

4 tffS*^l -2®m«i6 - 1 ' B:<:/6-5* MtXlC 6 - 3 ' «Biaffl«S t;^:^. ffim*^^ 1 - 1 CD^ffi 

6-5tt^ioir>-y-fflmffiTr*f3. r^st^-fes i^st^co. jEm3i^i-2©ms6-5' \tf^2<D-tz>D-mm 
ffiS2+B-ea&-5. 

[0 0 2 2] :^'J>hSffi4t«^g|5i8P|5igSi:©^ij^^^9;5t|gtte.nT;feO. > hSM4 JiCD'J- 
->tCj:19«®7 A ld^'S^T9 Ate, mS7 B 1 *5iS^9 B 1 tC, 7 Gd^ST 9 GfC, liffi7SldtJ^^9S 
1(C, •BS7 S 2*^S®^9,S 2tC. -^n^^nS^i^nTVi-g). 

[0 0 2 3] ^^3j^;Ph5S:5:K±g|5JS«,^2, TgE«!!;#: 3 «^M^^iisfTlgfigSn.T43 D . mmmizmm'^Ltji^ 
, X. 7"U>NaS4c7)*«mg7Gtt^«g7}^;Ph5<!r^«L> JEms^^ 1 - 1 1 -2 CDmSi6 -G«-en^n 

±mmmi^2. t ^mmi^ 3 izmi^mrnvT is lo^ mme -Gi^mmmm? Gtmm&tu^, >^>j>h««4cD 
[0 0 2 4] -^^v >h&m4<Dm^m^\zmm>tmmT^:itx'mmmi'i - iRzsi - 2-K(Dfi^^i!imiDri^. 

[0 0 2 5] ^Mss^ 9 Atmffi^epsp-r^<h> Affl«^?&f6^b. mm^imiiz^Txy^i^izM&r^. mm 
lcB^g^c*^^TS£E$TO^r^tx:^(S]tH^'it3^-r^Y:&l^i]^cBft$n-5. fPiiD-r^m£E?:5SggiiffitL, ma 

. X, Bm^(Dmams^Am^(Dwmmi£\zMLxm^^fimrmmmm=^^^^t. mm^(Dj£M<D.^\,immTb^ 

[0 0 2 6] £E«*^CDm^6 - 5«M»;^0Bfi^J^tcJ;DM**^C. &m9J]Miz^,K>m^^^^r^. ffH 
*^1 -l®li«i6 -5ttAffi£Em^^tc5*bT0 r a dTtlTcfiSlcSBSSn-S. ::<Di:^0Djg»^lc*f-r-5 A 
tgi±-«*^«B]Ja«£Ei«S6 - 5©£ti^^^ 1 t$j;-r-5) Ofiffi^®!!^ (.Sl^d A- S 1 LmT^) 

SrHStC^-r. SffllSi6^-h*T-S»l^*|gii;-r^i:> ^SillSISF r ICiSV^T^i^S^e A- S 1 tt, CW (Pt 
th^D:&|6]) V (S^fhJl>3:*|H]) (9 0 Tt/l 8 0) r adlc;5:0, *ffi^?S?iaj;ipWViMOiljSmT?«# 
^tc•rnT^K. tH*^a^co;^#$ (VSl) «*Sjg&ic#ifiT«;^M<& t D , *a^iS|gCcfc 0 S5Viil(|©«^gSc 

m<D-iz>i^>-^mm<DmtifB^immiz^-^-t^ct:f)mmi=-(Dmm=tnotcmz-2--muh<Dtr£^ 

[0 0 2 7] Sift^OMfcJ: OBE^^T 1 - 1 ©mffi 6-5 ®^fe-r^m^t«y U > h»« 2 0 OSS^ffl^ 9 S 1 

-e^tB^ns. »^i^^9 S 1 tcj;D^I±J$ns-fe>-y-«^^0 1 it-So l^«tCffi«^^l-2CD«a6-5' 
©^^•rS«?t«gg|jST9 S 2icJ;t3^tB$n^. SigSST9 S 2 tCcfc 0«^ai$n-g)-fe>-tJ-(t^^O 2 fTS. 
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31. Kmm^ 1 - 1 6-5 (Dtiiti-t^m^^ s i . &mm^ i - 2 ©ms e - 5 • ©m^j-r^m^^ s 2 1 

[0 0 2 9] 04 (a) mn^s 1 icy-fx*^^*nitt^©^as«^ 9 s iT-ma'J^n-sit-^o 1 S:7KL.fct)© 

[0 0 3 0] m± (b) am^s 2izj-r xti^^^nrzm<Dmm^ri^m^o2^^vrz'ho'n;^^o S2ttsi 
5\tm^mmm. m&m\z$>^(D-c. >hA*:i7->8 - sc^^-r^i^nx h-^/y-f xiiA^->8-4(c 
tifcj^T'ma(^n. o 1 tmm\zo 2 1 s 2 a e 2 ;r£tmffl*«-r«) c t 

[0 0 3 1] ±E®#{i4©ll^*&ffi¥®±©.'<i^ h;l^t'bT^b. HI^^^-rtiy.TC.t'SlCTSS. 
[0 0 3 2] 

mi} 

S2 = -SI 

0 1 = S 1 + D 1 

02 = S2+D1 = -Sl+Dl 
O 1 *>6 O 2 *§! < t 

01-02 = (S 1 + D 1 ) - (- S 1 + D 1) 

2*^1 

[0 0 3 3] i:l/i5M*i#e.n, HA (c) ICS^bfc J: 5 tc/ -f XOi^SSIR 0 I^V^feif-^^Saatf^S. 

[0 0 3 4] :i(o^^\zmmm'T9 s iRzf9 s 2^iomm-^n^m^<om^^^ii>^zii-v. it'u > h»is±T 
[0 0 3 5] 01 1 tt*^?^©^t>c®^j£jgi&TS-ffl^ifc#*^s^iK^-^©*sf»f®0-r$>^. mm=f-h^^-^jv 

jDffi«@^BB«l 5*^e.'<ZU>^gBWl 3i:^7 1 A^i^VX^WlWl 8 ICrtg^nfc/^^^^^r-X 1 rrozi-fJl/ 

[0 0 3 6] mi 2\z:^^m<Dm^m.mm'=}-!:m^^nrzm^m'^WL=^-^^^T^%^&m.^^t. 

[0 0 3 7] t— #:6^l-M*-Olte>nTVi-&=^^7 1 A\t^7^m.mmG<DXts^7 G I lCii|t:&L 

, ■e©ai;^^7GGm/>XL i<£«j#rs^>x«ita5«Hic?^^$nfc=|i7Huciii-&bTVi*, r©u>x 

[0 0 3 8] mMm2) 0 6 tC*3S?g®^2®mg«s|©@*?^Miil^t::fflV^e)tl-5«Jljim*^^©Slfi£2r7KT. 

[0 0 3 9] mmELm.m^l 0«, ^j6{Hjt^'^«!)5!f^Ufcir75-;/i7X©5^^v--ht*ttCfi£5gL'fc«gC®jEm^^ffi 
^ffl^^bbTJgfig^nS. *^|Jg«RJT«ffiBfflglg^ 1 0tt5«COffm*^ffil 00-1-100-5 IC J; Offing 
^n, S-BEm^^S»Sl'^"ftX'foitS8mm. $B©JP$0. 1mm, ±S0. 5mm-e&*. %SM^=f-WiZ\tW 
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3fi©^®7t (msffl^MM-ess^txfcT^) 1 0 1 a~i 0 1 c-^mu9izMm-^nT\r^^. 
[0 0 4 0] 1116 {cttsffis^^tgi 0 0 - 1 ~i 0 0 - 5(D^o:)mtmmm^mi o o - scDSs^^^snrvi 
^. 

[0 0 4 1] mi (Dmmm^m. i o o - 1 ©aicosta. f 'ii>?L©^i-;f fc^oxg ^'mvtomm^^m^^ 104- 
1 4*t^tte,n^ttfoicK«s^j^fi£a5i 0 4-1 4\zm:fs.^tkM^3i^^^vrc--z)(Dmm^m^^^i 04- 

1 ISO^l 0 4- 1 2S|!BT^-OOiJ-fiJ^ffi3 0 a 1, 3 0 b l>&tjp5g$n, MtC. ^i-fijmffi3 0 a 1. 3 0b 

i®rt#jonM«®«w^?^fiefii5o4'{c«n3!it«©-fe>-y-ffi^}-fijmffi3 o s i, 3 o s 2dt?gfie$nTV5$.. 

[0 0 4 2] ^2(75ffi«*TSl 0 0-2C7)^©®t«'t''L^?LO^1^|f (CiG^i^^^COmW^JgBKgBl 0 4 - 1 4j5t^ 

tte-n^tifeic. mmm^u i o o - 1 (omm^m^mi 04-11 ti^^^mm'-ik(Dmm$-m^mi 04-13 
iimmi 0 4-11 tm^m\zmifion, ^n£k$i(om\i±mmm3 1 - 1 tvxmmm-u^m.^tiT\,^?>. mtz. 

> m^^tlTl^^ 3{@CD^ffi7^:l 0 1 a. 10 1b, 1 0 1 c ©^-^ 2^09^®?^ i 0 1 aSytl 0 1 b (D^fflt 

[0 0 4 3] ^3(DBmm^&l 0 0 - 3CD^O®t«. •fi'MLO^I-MtCiG^ifitfcCiSa^JgJSKglS 1 0 4 - 1 4 t 
, ikM^(D2m<Dmm^Mmmi 0 4- 1 5RZfl 0 4- 1 6 ii. *t^ttSn-5ttt)(C, ®mffi#Jg^g«R 1 0 4 

- 1 5RZfl 0 4-1 6-e|JST6.ti;t--:30^i-frMffi3 0 a 2R?^~3 0 b 2 ^^^^J^^S^tXTV^ .So 
[0 0 4 4] ^4®JE«^^S1 0 0-4CD^CD®^C«^>-iL^^L©^ig^C»5^^^®«®#JP^iS;gl5 1 0 4 - 1 4*^^ 

\ffiE>ti^i^ifi\-iT^-cmm'm-cikm-^titz^mm.m3 i - 2:s^jpfig$n, 2e®*ffi7^i o i aRzsi o i b©^t 

[0 0 4 5] ^5®EEmmT« 1 0 0 - 5®S©B!'»4. 'P>Ml(Dn-m\ZY^om^(Dmm$m0^^ 1 0 4 - 1 4 t 
, ftW-t^CD-t^CDmS^Jg^egBl 0"4 - 1 TRO^'l 0 4- 1 8 i: t tRmffi^^f^ffigP 1 0 4 - 

1 7 St/ 1 0 4 - 1 8 J; D PST S.ni't-OCO^J- 
fiJm^ 3 0 a 3 SU^S 0 b 3 *^'J^JES$tlTl'>^„ Sfc> mS^^J^figgPl 0 4- 1 8 t«RlfBO«ffi?^l 0 1 c*^ 

giPL-TVi-s. — ^flE«^^«i 0 0 - 5®fiS(cH>t'-iL>?L(;:ie5^4*c©m@#^jg^g|5i 0 4- 1 4*^iS:ttf, 
ti^iiiz^\zmm^i 0 1 c*s^pL. ^®mffi3 1 -3i)m^^nTi^?>, 

[0 0 4 6] Hut2®$D€-#i£ll*Tte 100-1-100 - 5 ^^ne.(Dfi®#^J^^gBt#jl7\:®'tS:S5&«— -5 

[0 0 4 7] z.cD^oizvxm^-^nrcmms.mm'f-i o^m7 (a) wj^^tc, z-ooism.m.^m^^T^&EEn^'n 

#-5J:'5lC^^b, mm^^S 1 0 0 - 1 3 0 a 1 . 3 Obi, 30 si, 3 0 s 2 ©#-<rlrzi> 

hif>^mM^i±xm.mmm.iz^iom.^ms.^miiB-r^cfvmmis.mm^i 0 ^m? (b) tc^-r^Epoc):^ 

mi 0 0 - 1 tC^lte.n;t5^SiMS3 0 s 1 , 3 0 s 2H-fe>-y-*Bmffit7i-5. 

[0 0 4 8] mllH^llEEm^Tl 0^tili^fca*jA^7!fB#tC^1-gPtCDmme5igS§*fTPfe86lr\ 111 8 (t^-r^fig 
©7''J>h»«2 0 3{>^fflV^^,n^„ »7°U>h*«20«, iwlS(C^-rJ:3lC, «Jiffia*Tl 0 

mm^nommmRni^miz<Dmmt:nvm^^<om^-^ti^. 7'u>hKtR2 ocDntRgg(c««gBEm5S^=-i o 

0:9-iim@3 0 a 1. 3 0 b 1 t^-r^S«SS7A, ii-fim® 3 0 s 1 tS-r-5*S@®7S 1 SiO^^fUUM 3 

os 2hmT^mmmm7 s2i)m^-^nx^io. ^mw.mm\ty'j>hmw.±<Du-\^A^->\zj^ommm'F 

[0 0 4 9] ±>-^-mmm3 o s i ts o s 2\-immm^m'i'(D'f'L'mzmvTMm<D^mizm^-^tix^T!)i. 
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